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INTRODUCTION
The acid sulfate soils (ASS) are the com-
mon name given to soil or sediment that has
pyrite (Sammut & Lines-Kelly, 2000). In Indone-
sia, about 6.7 million hectares of land are con-
sidered as ASS (Klepper et al., 1990) and 35%
of them have been converted to brackish wa-
ter ponds. There are approximately 9,000 ha
of ASS-affected pond in Luwu Regency, South
Sulawesi province (Mustafa & Ratnawati, 2005).
New ASS-affected and improper preparation of
dyke ponds contain high toxic elements and
low macro nutrient that can lower the growth
and survival rate of shrimp and fish.
Consequently, many ASS-affected ponds
remain abandoned or have low productivity.
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ABSTRACT
Most of brackish water ponds used for seaweed (Gracilaria verrucosa) culture in
Luwu Regency, South Sulawesi, Indonesia are constructed on acid sulfate soil.
Despite this inevitable condition, opportunities remain open to increase the seaweed
production. The research was conducted to study the dominant factors that affect
the seaweed production in ASS-affected ponds of Luwu Regency. As a dependent
variable in this research is seaweed production. Independent variables were grouped
into: (a) farmer status factor, consisting of 9 variables; (b) pond condition factor,
consisting of  8 variables; (c) pond management factor, consisting of 29 variables; (d)
soil quality factor, consisting of 17 variables and (e) water quality factor, consisting
of 11 variables. Multiple regression with dummy variable was used to analyze the
data in prediction dependent variable. Results show that the average of seaweed
production in ASS-affected pond of Luwu Regency is 11,000 kg dry/ha/year. Seaweed
production can be increased through: (a) decreasing dosage of urea and KCl and
increasing dosage and frequency of fertilizer containing phosphate; (b) increasing
water depth in the pond and decreasing percentage of water exchange, (c)
conducting remediation to increase the soil pH and decreasing the concentration of
Fe in the water, (d) increasing stocking density of milkfish to decrease the epiphyte
population and (e) increasing the frequency of the farmer to attend trainings.
KEYWORDS: dominant factor, Gracilaria verrucosa, acid sulfate soil,
brackish water pond, Luwu Regency
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In Revitalization of Agriculture, Fisheries
and Forestry Program that has been proclaimed
by the President of Indonesian Republic on 11
Juny 2005, seaweed is considered as one of
several main fisheries commodity that is taken
into priority to be revitalized besides shrimp
and tuna. Seaweed has been an important fish-
eries commodity for developing countries be-
cause of its value as export commodity, easy
to culture, small capital requirement, suitable
for small-scale business, fast to alleviate the
poverty problems and creating the opportuni-
ties for employment. Seaweed culture is a pro-
ductive yet environmentally friendly alterna-
tive livelihood for coastal populations (Sukadi,
2006).  Among seaweed species, Gracilaria sp.
(Rhodophyta) is an important algae for commer-
cial industries and has many applications such
as agar extraction (Westermeier et al., 1993;
Marinho-Soriano & Bourret, 2003; Freile-
Pelegrín & Murano, 2005; Sukadi, 2006), natu-
ral product with important bioactivity
(Santelices & Doty, 1989), human food, feed
material for more economically-important
organisms such as sea urchins and abalone
(Santelices & Doty, 1989), food binder for fish
feed (Peñaflorida & Golez, 1996; Valente et al.,
2006) and an efficient heavy metal container
(Sfriso et al., 1994).
Daud et al. (1994) stated that the quality of
Gracilaria verrucosa was strongly affected by
the quality of the bottom of ponds. The pro-
ductivity of ponds used in culturing G.
verrucosa can be increased through improv-
ing the culture management and the irrigation
facility (Retnowati et al., 1995). Ponds with low
productivity or not suitable for shrimp can be
used   to culture G. verrucosa (Mubarak et al.,
1990; Sukadi, 2006). G. verrucosa was also
cultured in ASS-affected ponds (Mustafa &
Ratnawati, 2005). However, the information is
still limited about the factors that affect the
production of seaweed in ASS-affected ponds.
G. verrucosa production level in ASS-affected
pond with water depth of 0.50 m is higher than
that of cultured in ponds with water depth of
0.25, 0.75, and 1.00 m reared for 45 days
(Hendrajat & Pantjara, 2004).
Luwu Regency is a centre of G. verrucosa
development in South Sulawesi province
(Anonymous, 2003a). The quantity and quality
of G. verrucosa harvested in ASS-affected
ponds of Luwu Regency is better than in any
other places. The quality of G. verrucosa from
Luwu Regency is considered the best in Indo-
nesia (Anonymous, 2003b). Culture technique
management employed by G. verrucosa farmer
in ASS-affected ponds of Luwu Regency is dif-
ferent from one to another (Mustafa & Ratnawati,
2005). The different management  techniques
in G. verrucosa culture will have different ef-
fects on the production (Rasjid et al., 1993).
Extreme water temperature and salinity may
adversely affect agar product quality of G.
verrucosa (Daugherty & Bird, 1988) and have
positively correlated with Gracilariopsis
bailinae growth and net production (Guanzon
et al., 2004). Daily aeration periods have an
effect on the Gracilaria sp. production, but it
does not affect on agar content, gel strength,
or gelling and melting temperatures (Guerin &
Bird, 1987). Efficient large-scale and long-term
tank cultivation of Gracilaria sp. has been re-
ported from Florida, USA (Capo et al., 1999). In
Israel, the various aspects involved with com-
mercial culture of Gracilaria conferta have
been thoroughly developed since the 1980s
(Friedlander et al., 1987). A variety of produc-
tion ecology studies has been important in the
development of various farming methods, and
increased requirements for farmed Gracilaria
sp. in the near future are likely to stimulate
new approaches (Santelices & Doty, 1989).
Because of that, the research was conducted
to study the factors that affect the seaweed
production in ASS-affected ponds of Luwu Re-
gency, Indonesia.
MATERIALS AND METHODS
The research was conducted in Walenrang
and Ponrang districts, Luwu Regency, South
Sulawesi Province, Indonesia (Figure 1). Ponds
in the coastal land of Walenrang and Ponrang
district have been identified as ASS (Mustafa,
2006). The initial stage of the research was to
see the whole pond used for culturing G.
verrucosa.  Ponds selected were based on their
distribution and seaweed farmers selected
were respondent of this research. The loca-
tions of ponds selected were determined with
Global Positioning System (GPS).
Production, farmer status, and pond man-
agement factors were identified by using the
pre-tested questionnaire. To know the pond
condition factor, observation and measure-
ment in the field were performed. Soil samples
were taken in the each pond using soil auger
in soil depth of 0-0.20 m. Soil samples were
collected from three places in each pond and
combined as one sample from the pond. At the
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time of sampling, there were measurements of
field pH (pHF) (Ahern & Rayment, 1998), field pH
after oxidation with 30% hydrogen peroxide
(pHFOX) (Ahern & Rayment, 1998), and redox (re-
duction oxidation) potential with redox-meter
and texture with feel method. After sample
collection in the field, soil samples were imme-
diately placed in a cold box containing ice to
minimize bacterial activity. In the laboratory,
soil samples were dried in oven at 80oC-85oC
for at least 48 hours (Ahern & Blunden, 1998).
The chemical property of the soil was analyzed
at the ACIAR Project Soil Laboratory owned by
the Research Institute for Coastal Aquaculture
(RICA) in Maros Regency, South Sulawesi.
After dried, soil was pulverized with a soil
crusher to pass a 20-mesh screen, and stored
in plastic bags. The measured variables were
pHKCl (pH of filtered 1:20 1M KCl extract), SKCl
(KCl extractable S), SP (peroxide sulfur after
peroxide digestion), SPOS (peroxide oxidisable,
SP - SKCl), TAA (total actual acidity in 1 M KCl
titrated to pH 5.5), TPA (total potential acidity
in 1 M KCl peroxide digest titrated to pH 5.5),
TSA (total sulfidic acidity, TPA - TAA), pyrite
(Ahern & Rayment, 1998; Ahern et al., 1998b,
1998c), Al, Fe, and PO4 (Menon, 1973; Melville,
1993).
Figure 1. Sampling points of the research in Luwu regency, Indonesia
(map courtesy of Hasnawi, RICA)
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Water quality measured in situ with
Hydrolab® Minisonde, including temperature,
salinity, and pH in midday between 10:00-
14:00. Water samples for chemical analysis
were taken with a column sampler. Each water
sample was a composite of subsamples col-
lected from three places in each pond. Water
samples were preserved according to APHA
(2005). Each water sample was measured in
Water Laboratory of RICA for PO4 by ascorbic
acid method (APHA, 2005), NH4 by phenat
method (APHA, 2005), NO3 by cadmium reduc-
tion method (APHA, 2005), NO2 by colorimetric
method (APHA, 2005), Fe by phenanthroline
method  (APHA, 2005), SO4 by turbidimetric
method (APHA, 2005), total suspended solid by
gravimetric method (APHA, 2005) and total or-
ganic matter by titrimetric KMnO4 method
(APHA, 2005).
As a dependent variable in this research
was G. verrucosa production. Independent
variables were grouped into: (a) farmer status
factor, consisting of 9 variables; (b) pond con-
dition factor, consisting of  8 variables; (c) pond
management factor, consisting of 29 variables;
(d) soil quality factor, consisting of 17 variables
and (e) water quality factor, consisting of 11
variables. The model of multiple regression
equation will be tested as:
Y = a + b1X1 + b2X2 + b3X3 + … + biXi
......  (Equation 1)
Descriptive statistics was used to extract
general information of the data. Multiple regres-
sion with dummy variable was used to analyze
the data in prediction dependent variable. The
dummy variables in this research were: sex,
level of education, land status, the other job
excluding as a farmer, former use of the land,
initial pest control, month of stocking, adapta-
tion when stocking, time stocking, water
source, water exchange system, continuing
pest control, presence of pest and soil tex-
ture. Coefficient of correlation was determined
to know the relationship between soil variables.
A high correlation coefficient indicates a strong
relationship between soil variables, soil vari-
able that was easy to measure in the field was
selected for the next analysis. To validate the
data from interview, coefficient of correlation
was also determined. Reliability Test was used
to test the reliability of measure tools of data
from interview. Durbin-Watson Test was used
to detect whether indication of multi-co-linear-
ity among independent variables. In choosing
the best of multiple regression equation the
forward elimination procedure was used
(Draper & Smith, 1992). R2 Test was used to
know how much the dependent variables can
explain the independent variable. F Test was
used to test the significant of the regression
model and t Test for testing the significance
of the regression coefficient of the indepen-
dent variables at significant level of 0.05. All
statistical analyses were performed with a com-
puterized statistical package, Statistical Prod-
uct and Service Solution (SPSS) version 16.0.
RESULTS AND DISCUSSION
Almost all respondents or the farmers sea-
weed in ASS-affected pond of Luwu Regency
are male. Only one farmer was a female. The
average age of the farmers was 45 years old.
The minimum and maximum of farmer experi-
ence in working with brackish water pond op-
eration were 1 and 36 years, respectively
(Table 1). The seaweed farmers have low level
educational attainment. Most of them had fin-
ished primary school and the farmers are rarely
to attend trainings related to brackish water
ponds. With their low educational attainment,
they might be unaware of the improved brack-
ish water ponds technology. Padda (1986)
claimed that farmers in Jeneponto Regency,
South Sulawesi have the average experience
of 19 years working in brackish water ponds
with level of education mostly primary school
and their age was 53 years old. About 81.28%
of brackish water pond farmers in Bulukumba,
Takalar and Maros regencies, South Sulawesi
only graduated from primary school (Hanafi,
1990). Majority of the farmer are working full
time in their brackish water ponds. Aside from
the brackish water farmers themselves, the
other family members are also helping in some
way in brackish water pond activity. In gen-
eral, most of the farmers are landowners and
only small numbers are contract worker.
Source of sea water for brackish water
pond in Luwu Regency is Bone bay. Distance
of ponds to the sea is from 0 to 2,000 m with
1,070 m in average. Pond water is collected
from Pantai Lamasi and Labonro-bonro rivers in
Walenrang district and Lampuara river in
Ponrang district. Most of the brackish water
ponds are built on nipa palm (Nypa fruticans)
vegetated areas and small number on man-
grove (especially Rhizophora apiculata and
Rhizophora mucronata) and mixed nipa palm
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and mangrove areas some 35 years ago. The
size of ponds in Luwu Regency ranges from 1
to 3 ha with 1.86 ha in average and almost all
the ponds have only 1 unit water gate. All
ponds for culturing seaweed are using the
same canal as an outlet and inlet canal. In
Bulukumba, Takalar and Maros Regencies,
about 49.73% of the brackish water ponds size
are less than 2.00 ha (Hanafi, 1990). The width
of top dyke of the ponds varies between 0.75
and 6.00 m. Pond with wider top dyke is used
for drying seaweed.
Before seaweed and milkfish were stocked,
some of the farmers conducted pond prepara-
tion including pond bottom drying, pest con-
trol, liming and fertilizing. The maximum of dry-
ing duration is 30 days, but there were farmers
who did not conduct the pond bottom drying
during the pond preparation. At least four dif-
ferent pesticides were being used by some of
the farmers, i.e. Saponin, Dursban, Bintang, and
Pegasus in the initial stage to control pest. But
majority of the farmers were using Pegasus.
About 67% of the farmers applied lime with very
low dosage (104 kg/ha in average), although
data showed the soil pH was acidic. Most of
the farmers applied built lime, only two farmers
applied dolomite. With regards to fertilizer ap-
plication, all of the farmers were using inor-
ganic fertilizer (urea, SP-36, KCl, ZA, NPK). Con-
centration of organic matter was high in the
ASS-affected pond of Luwu Regency (12.8344%
in average).
All of the respondents were culturing sea-
weed (G. verrucosa) together with milkfish
(Chanos chanos) in form of traditional poly-
culture system in ASS-affected pond of Luwu
Regency. These two fisheries commodities can
be cultured together in a brackish water pond
because they have almost the same ecological
requirements (Guanzon et al., 2004), but they
occupy different ecological niche in brackish
water pond. However, the main goal of the
farmers is to produce the seaweed in this
system and milkfish only for consuming. The
density of seaweed stocked was 1,404 kg/ha
and stocking density of milkfish was 3,226
individuals/ha. Most of the farmers stocked in
the first week on June, because this month is
the early of the dry season in the east coast of
South Sulawesi, including Luwu Regency.
When the dry season in Luwu Regency, the
water quality especially salinity is relatively
stable and high (20-35 ppt) in the ponds.
Guanzon et al. (2004) said that production of
milkfish and seaweed was higher during the
dry season in Iloilo, Philippines. Bird &
MacLachlan (1986) stated that different spe-
cies and strains of Gracilaria are generally
euryhaline and their maximum growth occurrs
at salinities of 15-38 ppt. Several cultivated
Gracilaria sp. grow best at a salinity ranging
from 18 to 30 ppt (Chen, 1976). According to
Lin (1974), Gracilaria sp. grow fast in water of
25 ppt. The optimum salinity for Gracilaria sp.
is 15 ppt, though they can survive in salinity
from 5 to 50 ppt (Anonymous, 1991).
Water depth in the pond during the sea-
weed culture was 0.53 m. This is the best con-
dition for seaweed culturing in brackish water
pond. Hendrajat & Pantjara (2004) mentioned
that the production of seaweed is better in the
ASS-affected ponds with water depth of 0.50
m than that of 0.25, 0.75, and 1.00 m. Recom-
mended water depth of ponds for culturing
seaweed is 0.5-0.8 m (Anonymous, 1991). The
lower production of Gracilaria edulis obtained
at low of water depth could be attributed to
the adverse illumination and desiccation of
fronds (Kaladharan et al., 1996). The authors
also stated that at depth beyond 1.00 m the
low production occurred due to the lack of
sufficient quantum of light. Percentage of wa-
ter exchange was 55% in average with ranges
from 25% to 100% on each water exchange.
The seaweed farmers conducted water
exchange 5 times/month.
Continuing pest control was conducted to
kill other fish, excluding milkfish. Most of the
farmers were using Dursban or Bintang as a
continuing pest control, because these pesti-
cides can kill other fish in generally but not
milkfish. The farmers also conducted continu-
ing inorganic fertilizer, one week before and
after harvest.
All farmers conducted the first harvest at
45 days after the seaweed were stocked and
then every 20-30 days with harvest frequency
of 8 times/year in average. A quarter to one
third of the harvest was retained at every
harvest and left in the ponds, which will con-
tinue to reproduce vegetatively for the next
harvesting. Many researchers suggest for har-
vesting the first time at 45 days after stocked
(Mubarak et al., 1990; Hurtado-Ponce et al.,
1992; Kaladharan et al., 1996). Dry organic
matter percentage in the fronds of Gracilaria
sp. reached a maximum of 20.4% up to 45 days
(Kaladharan et al., 1996). They also said that
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the daily growth rate of Gracilaria sp. de-
creased after the third harvest.
Low pH is a characteristic feature in ASS of
Luwu Regency used for seaweed culture (Table
1). The low pH enhances solubility of trace
elements, such as Fe, Al, and Mn, the abun-
dance of which becomes toxic to fish. In Luwu
Regency, ASS were found with an average
pHFOX of 1.58, pHKCl of 5.51, redox potential of -
236 mV, SPOS of 3.23%, TSA of 374.6 mol H
+/
tonne, organic matter of 12.83%, pyrite of 1.67%,
Fe of 4,956 mg/L, Al of 636 mg/L and PO4 of
0.51 mg/L. Such soil condition causes the pond
production to be low, especially for shrimp un-
less improvement efforts are carried out. Soil
texture in ASS-affected pond of Luwu Regency
is dominated by loam, silty loam, silty clay and
sandy clay.
Range of water temperature and pH were
21oC-33oC (28.48oC in average) and 6.26-7.99
(7.14 in average). The optimum growth of G.
verrucosa from Manila Bay, Philippines under
controlled laboratory conditions was attained
in temperature range of 25oC-30oC (Hurtado-
Ponce & Umezaki, 1987). The optimum tem-
perature range for growth of milkfish is 20oC-
43oC (Lin, 1969). Although, the ponds are con-
structed on ASS, the water pH is neutral. Most
of the ponds are not dried or ponds in reduc-
tion condition that not produce the acidity.
According to Bagarinao (1999), water pH rang-
ing from 5 to 9 is most suitable for milkfish
which cannot survive below pH 5. However,
according to Chen (1976), pH suited for
Gracilaria sp farming should be between 6 and
9, with an optimum of 8.2-8.7. Gracilaria sp.
will begin to deteriorate and finally disintegrate
when the pH is below 6.5 (Liu, 1987).
Nitrogen in water plays a key role in aquac-
ulture systems due to its dual function, as a
nutrient and toxic. Average concentration of
NH4, NO2, and NO3 in the water of brackish wa-
ter ponds of Luwu Regency were 0.1399,
0.0107 and 0.4721 mg/L, respectively.
Gracilaria sp. uptake NH4 more rapid than NO3
(Ryther et al., 1981), however, Gracilaria sp.
production was not affected by any nitrogen
forms if the concentration is above the mini-
mum in the water (Lapointe & Ryther, 1978).
Based on the result of F Test showed that
from 75 variables that were analyzed only 21
variables of them have significant effect on
the seaweed production or only 21 variables
can be used to predict the seaweed produc-
tion in ASS-affected ponds. Dominant variables
to determine the seaweed production in the
pond were also described in regression equa-
tion as follow:
Y = 11,428 + 5X1 – 1,427X2 + 2,420X3 + 1X4 –
18X5 – 145X6 – 8X7 + 102X8 – 2,239X9 +
204X10 + 4,177X11 – 64X12 – 6X13 + 1,362X14
– 31X15 – 86X16 – 433X17 +  105X18 + 2,992X19
+ 2,860X20 – 4X21
 ............. (Equation 2)
where :
Y = Seaweed production (kg/ha/year)
X1 = Total organic matter of water (mg/L)
X2 = Number of dependents (people)
X3 = Frequency to attend the training (times)
X4 = Stocking density of milkfish (individuals/
ha/year)
X5 = Dosage of urea as a continuing fertilizer
(kg/ha/year)
X6 = Dosage of KCl as an initial fertilizer (kg/ha)
X7 = Concentration of Fe in the water (mg/L)
X8 = Dosage of NPK as an initial fertilizer (kg/
ha)
X9 = Presence of pest
X10 = pHFOX of soil
X11 = Number of water gate (unit)
X12 = Percentage of water exchange (%)
X13 = Dosage of urea as an initial fertilizer (kg/
ha)
X14 = Other jobs excluding as a farmer
X15 = Total suspended solid of water (mg/L)
X16 = NO2 concentration of water (mg/L)
X17 = Water temperature (
oC)
X18 = Frequency of inorganic fertilizer (times)
X19 = Owner status of pond
X20 = Number of labor (people)
X21 = Distance of pond to source water (m).
Average seaweed production in ASS-af-
fected ponds of Luwu Regency was 11,000
kg/ha/year (Table 1). It was higher than the
seaweed production obtained from culture in
ponds of Western Visayas, Philippines (3-4 t/
ha/year), but similar to the culture production
in natural drainage canals (7-14 t/ha/year)
(Hurtado-Ponce et al., 1992). Although, sea-
weed production in ASS-affected pond is high,
there are yet the opportunities to increase the
productivity to achieve minimum number of
11,428 kg/ha/year.
Among variables of status farmer factor,
there are 5 variables that have significant
effect on the production of seaweed in ASS-
affected ponds, i.e. number of dependent
family, frequency to attend trainings, other jobs,
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owner status of pond and number of labor.  From
the Equation 2, it can be seen that the regres-
sion coefficient of dependent number is -
1,427. This indicates that the addition 1 mem-
ber of dependent family will decrease (nega-
tive sign) 1,427 kg/ha/year of seaweed pro-
duction. On the contrary, addition of 1 time to
attend the training and 1 people labor number
will increase (positive sign) the production of
seaweed 2,420 and 2,860 kg/ha/year, respec-
tively. If the farmers attend the training on
aquaculture, the skill of farmers will increase
and they can apply their knowledge on their
ponds. Addition of labor number will increase
the production of seaweed due to the increase
the activity on the pond. More labor is required
during pond preparation and harvesting in the
brackish water ponds (Hanafi, 1990). Agricul-
tural is a heavy activity that need power and
time and the labor is needed for soil prepara-
tion and harvesting (Sugihen, 1996). Farmers
that have another job will use their salary to
buy necessities for brackish water pond such
as fertilizer, lime and pesticide that can sup-
port for higher production.
Number of water gates and distance of
pond to the water source are variables of pond
condition factor that have significant effect
on the production of seaweed in the ASS-af-
fected ponds. Addition of water gates will in-
crease the production of seaweed. Brackish
water ponds that have two water gates means
that water inlet and outlet are separated and
better water quality for seaweed are expected.
It is recommended that pond for seaweed cul-
ture should have a couple of drains (Anony-
mous, 1991). Brackish water ponds located
closer to water source can yield higher pro-
ductivity. Quantity and quality of water avail-
ability in the brackish water pond located
closer to water source may be better for sea-
weed. Hanafi (1990) said that decreasing qual-
ity of water availability and drainage of brack-
ish water pond will decrease fish production.
Elevating owner status of ponds of a farmer
as a worker to contract and to privately owned
will increase the productivity of ponds for sea-
weed. This relates to the productivity of pond
managed by farmer as a worker and farmer
works by contract. Sugihen (1996) said, in some
Asian countries, sometimes the land owners
lease their low productivity land to other farm-
ers. The author also stated that, farmers as a
worker culture the commodity for their neces-
sity.
Among pond management factors, stock-
ing density of milkfish, dosage of urea as con-
tinuing fertilizer, dosage of KCl as an initial fer-
tilizer, the presence of pest, percentage of
water exchange, dosage of urea as an initial
fertilizer and frequency of inorganic fertilizer
are variables that have significant effect on
seaweed production. Average of stocking den-
sity of milkfish that was applied by the farmer
was 3,226 individuals/ha/year. This value is
the cumulative of milkfish stoked for a year,
because some farmers stocked milkfish twice
a year during the seaweed culture. Farmers
are harvesting their milkfish after achieving 3-
4 individuals/kg to avoid the probability of the
milkfish to eat the seaweed and then stock
milkfish again. The presence of milkfish in the
polyculture with seaweed can clean the sea-
weed from the klekap (a benthic complex of
blue-green algae, protozoa, diatoms, bacteria,
and detritus) and epiphyte. In the seaweed
culture, farmers sometimes stocked milkfish
with the aim to decrease the epiphyte in the
pond, because the presence of epiphyte will
decrease the seaweed quality (Retnowati et
al., 1995; Sammut et al., 2003). Beside that,
milkfish will create water motion and the mud
that adhered in seaweed will be released.  The
next impact is diffusion process of nutrient
into the seaweed will increase and the sea-
weed growth is better. The Equation 2 shows
that regression coefficient of stocking den-
sity of milkfish was +1. This indicates that the
addition of 1 individuals of milkfish will increase
the seaweed production up to 1 kg.
The presence of pest, especially epiphyte
such as Chaetomorpha sp in seaweed culture
will likely decrease the seaweed production
(regression coefficient of presence pest is –
2,239; Equation 2). The epiphytes compete
with the seaweed for light, nutrients, inorganic
carbon and presumably also have an allelo-
pathic effect (Friedlander & Levy, 1995). It was
already mentioned before that stocking den-
sity of milkfish applied by farmers was still low.
This condition may cause the presence of
epiphyte in the ponds.  To decrease the num-
ber of Chaetomorpha sp. in the ponds is by
increasing the number milkfish stocked in the
ponds.  Milkfish in Taiwan and Japan and sailfin
molly (Poecilia latipinna) in the United State of
America have recently shown to be promising
epiphyte controllers in Gracilaria sp. culture,
as they prefer eating the epiphytes rather the
cultured Gracilaria sp. (Breden & Bird, 1988;
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Anonymous, 1991). Friedlander et al. (1996) said
that five species of fish consumed only epi-
phytes without damaging Gracilaria sp. in Is-
rael, i.e. sailfin molly (P. latipinna), guppy
(Poecilia reticulate),  zilli’s cichlid (Tilapia zillii),
killifish (Aphanius dispar), and pompano
(Trachinotus ovatus).
Water exchange during the seaweed cul-
ture was 55% in average. Some farmers con-
ducted water exchange up to 100% and leave
seaweed in pond bottom without water for 3-4
hours, the water only in the surrounding canal
of pond. Decreasing of percentage of water
exchange will increase the seaweed produc-
tion (Equation 2). During the seaweed was ex-
posed to air, the seaweed might be dehydrated.
Higher of percentage of water exchange can
cause the seaweed need longer time to adapt
to new water condition. Also, higher of per-
centage of water exchange can cause the fer-
tilization not effective, because most of the
fertilizer is flown out with the water.
The Equation 2 shows that increasing dos-
age of urea as initial fertilizer will decrease the
seaweed production. This may be caused by
the effect of the other fertilizers that contain
of nitrogen such as ZA and NPK that were ap-
plied by farmers as an initial fertilizer. Also, in-
creasing the dosage of urea as a continuing
fertilizer can decrease seaweed production.
Farmers in ASS-affected ponds applied urea
15.43 kg/ha/application in average and some
of the farmers applied urea a week before and
after harvesting. This urea dosage for continu-
ing fertilizer in the seaweed culture is high.
Urea with dosage of 3 kg/ha was added to fer-
tilize the pond water of Gracilaria sp. culture
(Anonymous, 1991). KCl fertilizer may be also
needed too much for seaweed culture, be-
cause increasing the dosage of KCl fertilizer
will decrease seaweed production. Potassium
(K) is available in pond water, because sea
water containing K about 420 mg/L in 35 ppt
of salinity (Riley & Chester, 1971). On the con-
trary, NPK fertilizer as an initial fertilizer will
increase seaweed production about 102 kg
dry/ha/year for every 1 kg NPK/ha. Phosphate
is an important element for almost all organ-
isms to support the transformation of metabolic
energy (Kuhl, 1974). The concentration of
phosphate in ASS is very low and its availability
is also low because it bounds with iron and
aluminum. Iron and aluminum are known to fix
phosphate in high quantity (Singh, 1982).
From 17 soil variables that were analyzed,
12 of them were selected for multiple regres-
sion analysis. Only 1 soil variable has a signifi-
cant effect on the seaweed production which
was pHFOX. The pHFOX is the soil pH after oxida-
tion with 30%  hydrogen peroxide. The increase
of 1 unit of soil pHFOX until neutral condition
will increase seaweed production up to 204
kg dry/ha/year in ASS-affected pond of Luwu
Regency. Increasing pH of ASS can be done
through remediation. Common remediation
techniques for ASS in aquaculture involves
drying to reduce oxidisable pyrite, flooding to
dilute and neutralize acid to reduce further
acid production, and flushing of leachate to
minimize toxic reserves of acid in the soil
(Mustafa, 2006). The other form of remediation
is liming.  Dosage of liming that was applied by
farmers in ASS-affected ponds of Luwu Re-
gency was s very low, only 28.18 kg/ha/year
in average (Table 1). The SPOS measurement was
used by Ahern et al. (1998a) to determine the
lime requirement for ASS. For a bulk density of
0.89 g/cm3 (Mustafa, 2006) and SPOS from 0.8972
to 4.0821% in the surface layer, and if lime re-
acts to a depth of 0.05 m, a pond in Luwu Re-
gency will require approximately 18 to 83 tones
of agricultural lime/ha (neutralizing value =
100, safety factor = 1.5). Because it needed
lime in large number, it is suggested that
remediation technique should be applied to
increase the soil pH and decrease the con-
centration of toxic element.
Increasing dosage of urea as a continuing
fertilizer will decrease the seaweed produc-
tion. The increase of NO2 concentration in the
water will decrease the seaweed production.
Compare to the other forms of nitrogen (NH4
and NO3), NO2 was used in small quantity b y
seaweed farmers (Yang et al., 2006). Nitrite
concentration in the water ponds was ranging
from 0.0009 and 0.0815 mg/L (Table 1). Natu-
ral water contains NO2 about 0.001 mg/L (Coun-
cil of Resource and Environment Ministers,
1987 in Effendi, 2003). Also, increasing the
water temperature will decrease the seaweed
production in ASS-affected ponds. The range
water temperature in the pond was from 21oC
to 33oC. The optimum water temperature for
seaweed is 25oC-30oC. If the water tempera-
ture is more than 30oC, the growth of seaweed
will decrease. Water temperature that was more
than 31oC was recorded in the pond with wa-
ter depth less than 0.30 m in the midday. In-
creasing the total suspended solid of water
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also decreases the seaweed production.
Higher concentration of water suspended
solid will decrease the penetration of sunlight
and cover the thallus of seaweed. Remediation
of soil is also needed to decrease the concen-
tration of Fe in the water. Iron is essential ele-
ment for all organisms. In the plant, including
algae, Fe functions as a cytochrom and chlo-
rophyll builder (Effendi, 2003). However, higher
Fe concentration can hinder the fixation of
other elements. Iron concentration in the natu-
ral water is ranging from 0.05 and 0.20 mg/L
(Boyd, 1995). Decreasing of concentration of
Fe will increase the seaweed production in
ASS-affected ponds.
CONCLUSION
The average of seaweed production in ASS-
affected pond of Luwu Regency, Indonesia is
high, about 11,000 kg dry/ha/year. In order to
increase the production of seaweed, several
efforts are recommended: (a) decreasing the
dosage of urea and KCl, and increasing the
dosage and frequency of fertilizer containing
phosphate, (b) increasing water depth in the
pond and decreasing percentage of water ex-
change, (c) conducting remediation to increase
the soil pH and decreasing the concentration
of Fe in the water, (d) increasing stocking den-
sity of milkfish to decrease the epiphyte popu-
lation and (e) increasing the frequency of the
farmer to attend fish farming technical train-
ing.
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